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METHOD OF FORMI NG A TRftNSgliECTIVE IiIQUID CRYSTAIi 

WXTH WIDE-VTKWING ANGLE 



DEVICE 



ABSTRACT OF THE DISCLOSURE 



£;play 



A method of forming a transf lective liquid crystal di 
device with a wide-viewing angle. An insulating layer having 
an uneven surface is formed on a first substrate. At le jtst a 



nAft opening. is formed in the insulating layer. A con& 
reflective electrode is formed on a sidewall and a bottom o 



E the 



opening and partial insulating layer- The reflective ele 

* 

has an opaque portion and a transparent portion, and 
transparent portion is located in the opening- At leas 
symmetric protruding element is formed on the insulating 
around the reflective electrode, A conformal first ali 



ctrode 



film 
(icond 



film is formed on the reflective electrode and the symm^tr 
protruding element- A common electrode is formed on an 
surface of the second substrate. -a-ftd-^A second alignment 
aeeis ocquontially formed on an inner surface of a ■& 
■ 3ubQtrQtQ the common electrode . Negative type liquid cr 
molecules added with chiral agent fill in a space betwee 
first and second alignment f il m GUbgtrQtQ ' S> to form a 1 
crystal layer. 



the 
one 
ayer 



gnment 



nner 



n 



stal 
the 
quid 
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BACKGEOUXm OF THS INVENTION 

Field of the Inven-bxon 

The present invention relates to a method of formijng a 
transflective liquid crystal display device, and more 
particularly, to a method ^ for increasing viewing angle 



forming of a transflective liquid crystal display device 
Q vfidQ - i^icvfing angle . 



Liquid oryotal dipplay (LCD) dGvicco arc been widely 



10 . for dioplay dovicco/ auch aQ a por-fe - ate - le tclQvini&H - Q and notebook 



compute ro . Liquid crystal display devices are classified 
two types. One is a fer - angmlGDion reflective type liquid cri 
display device uning a backlight ao a light Dourco , and an 
is the reflective transf lective_ type liquid crystal di 
device using an external light source, such as sunlight 
indoor lamp. It io difficult to docrcaQQ the vjcight^ tho vo 



cth 



or 



3 umQ 



and the power - KBonpumption of the tranomiogion type LCD dijo 
the power required by the backlight component a. ■ The ref le 
type LCD has the advantage of not requiring a backl 
component, but it cannot operate without an external 
source. The transflective type licruid crystal display caA 



external light and back light as light sourc es, Furthe 

comparison with the reflective type LCD device, 

transflective LCD device has the advantage of operating 



transmission type LCD device using back light when no 
light is available. Therefore, transflective type 1^^^^^ 



crystal displays are widely used in cell phones and PDA 



■ In - ordor to overcome the drawbacko of — theoo two typo 



LCDg/ Q tranofl-ectivc LCD device which can operate as 



with 



UQOd 



into 
stal 
er 
play 
an 



tive 
ight 
ight 
use 



the_ 
as a 



ext^irnal 



o of 

a- 
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rcfleot - ivc ond tranomigolon type LCD ia diocloaod in U.S 



Mo. 2002/000350 6 . The tranaf iGctivo LGD dcviou hCLO a rcflpctivo 



clGOtrodc in a pixel roglony vjhcroin the rofluotivc elcotrodo 



hao Q tranDmioolvc porti ' Oi^ s — Thua> the trana - f Icctivo LC& 

hac lox j cr power c o nDumption •''-n p^rnpnT-i "^^^ nnnTuTontii 



■ tranam - i - ggion type LCD dcvicQ bccauoc - a backlight oomponcr 



not good - when there io q bright external lig - h - fe -e Furth - M s 

comparlQon with the reflective teype LCD dcviaor - 



iLganoflcctive LCD dcvioc hao the advantage of operating 
^anominaion type LCD dcvico uaing baoklight when no 
light ia available. 

In general, the conventional transf lective LCD device 
TN (Twisted Nematic) type liquid crystal molecules or MTN ( 
mode TN) type liquid crystal molecules. The biggest 
of the TN/^!ITN mode LCD device is, however, its narrow vi 



cxtcrna - I - 



3 use 
Mixed 
dravrback 



angle. Thus, the conventional transf lective LCD device 
gray scale inversion problem under transmission mode, 
degrading display quality. 

SDMMZSJEtZ OF THE INVENTION 

ig-he An object of the present invention is to prov4de a 
method for increasing viewing angle of a transf lective 1 



crystal display device, 

of forming a transf Iccti^TQ liquid crystal display 
Another, object of the present invention is to prov 

method of forming a transf lective liquid crystal display 

with g wide - viovjii>g — a - nale continuous domain liquid 

alignment > 




g method of forming a tranoricotive liquid cryatal diiiplay 
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provide a wide viewing anglo; - 

In order to achieve these objects/ the present i 
provides a method of forming a transf lective liquid cr^ 
display device with a wide-viewing angle. A first substrat<j 
a second substrate opposite the first substrate are 
An insulating layer having an uneven surface is formed or 
first substrate. At least one opening is formed in 
insulating layer. A conformal reflective electrode is 
on a sidewall and a bottom of the opening and part o 
insulating layer, wherein the reflective electrode has at 



inveiition 
stal 
and 
provided, 
the 
the 
filmed 
the 
east 



and 



atod 



on 



one opaque portion and at least one transparent portion/ 
transparent portion of the reflective electrode is loc 
the opening. At least one protruding element is formed 
insulating layer located around the reflective electrod^ 
conformal first alignment film is formed on the refle 
electrode and the protruding element. A common ele 
formed on an inner surface of the second substrate. A s 



ctrocle 



alignment film is formed on the common electrode. Negative 
liquid crystal molecules added with a chiral agent are f 
in a space between the first substrate and the second subs 



to form a liquid crystal laver. When voltage is app lied t 
reflective electrode and the common electrode, an as 



yinmotr 




c:t 



the 
in 
the 
A 
ive 
is 



^icond 



type 
lied 
irate 



o the 



ic 



BRIEF DESCRIPTION OP THE DRAHIMGS 



Odd 



The present invention can be more fully underst 
reading the subsequent detailed description in conjunction 
the examples and references made to the accompanying draw 
wherein: 



by 
with 
ngs, 



1*1 
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Fig. lA is a sectional view according to a first embodijiaent 
of the present invention while no external Glcotrio f icld v oljtaqe 



is present; 

Fig. IB is a sectional view according to a first embodiment 
of the present invention while an voltage clQctrio ficl[d 
present; 

Pig. 2A is a sectional view according to a second embodiment 
of the present invention while no voltaqe cxtGrnal clcctriG giold 



is presents- 
Fig- 2B is a sectional view according to a second embodi 
of the present invention while an voltage clQQ.tric 



present; and 

Fig. 3 is a top view showing the alignment of the 1 
crystal molecules in one of the pixels of the transf lectiva 
device according to Figs. IB and 2B while an voltageeieKJfe 
field is applied thereto p 



The proocnt invention improvQO on the prior art in th ^ 



.ment 
is 



quid 
LCD 



aDymmetric clcGtrio field can be induced at the fringe poirtion 



of the ref leative cleotrode and the opening io looated in the 



tranDparcnt portion of the reflective clcotrodG, which aMowo 



ncgativQ tjpc liquid oryQtal molGOulcj added with a chiral ggaiy fe 



■ to tilt - a^id - have different molecular alignment whan an olQCJtrio 



field above — a threshold value io preoont. Horaover^ 



25 protrusion formed around the refloctive electrode can enlianco 



molcculcD to tilt, — ThuD/ a eontinuoua domain ia formed 



pixel; thereby increasing the viewing angle of a trano - 

DESCRIPTION Qg THE KSgERRftHCES MDMBER 



in a 



flcctive 



P. 09 



NOV-Q3-2005 THU 16:40 



FAX NO. 



P. 10 



10 



15 



Client's ref.: AU D90055/+irS<=-5P 
File : 0fi32-ei70USF/ Jacky/Steve/Wayne 

1 00- substrate; 



llO-transparent insulating layer; 
120~-openinq; 

13Q-ref lective electrode; 
132-opacpje portion; 
134-transparent portion; 
140~fir5t alignment film; 
15Q-liquid crystal layer; 
160-second alignment film; 



170-cQitimon electrode /"l 
180-second substrate; 
210^5ymmetric protruding element; 
310^qate linej, 
32Q-data line; 
330-pixel; 

34 0-ref lective area; 
350-tran3missive area. . 
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DET2LEZJSD DESCRIPTION OF TBE IMVENSTION 

RafcrcnoQ will — bow bo made — In dcta - i rt — to the p::cDQiiL 



prof err od embod - i r incnta of the invention^ cxamploa of whi 



illuDtratod in tho aooompanying drawingo, — Whcrovar poauiblC/ 



5 t:hQ Damo rofcronco numbcro arc uaed in tho drawingj ar 



dcgcription to rcfor to the pomo or - like partp . 
First Bmbodixnent: 



first 



ctric 



ctric 



Fig. lA is a sectional view according to the 
embodiment of the present invention while no external el4ctriG 
field is present. Fig. IB is a sectional view accordincr to a 
first eitibodiment of the present invention while an ele 
field is present. Fig, 3 is a top view showing- the alignment 
of the liquid crystal molecules in one of the pixels of the 
transflective LCD device according to Fig. IB while an ele 
field is applied thereto. In order to simplify the illustra|tion/ 
only one pixel cell is shown in Figs. lA, IB and 3. 

In Figs. lA and IB, a first substrate 100 is provided 
first substrate 100 can be a glass panel having a thin 
transistor array. The first substrate 100 is a 
transmitting substrate so that light from a backlight 
shown) can penetrate the first substrate 100. The 
transparent insulating layer 110 having an uneven surface is 
formed on the first substrate 100. trannparont uAcvon 



inoulating layer 110 oan be q oilioon ojiidc (SiQjc) layers a 
25 fl - Llioon nitride — (-^arW ^) layory or a photooonQitivc rcQin : reyeg 



d the 



The 
film 
Light 
(not 
fi/ a 



formed by dopoaition or gpin - ooating and partial Qtching, - > 
at least one opening 120 is formed in the insulating layer 



In Figs. lA and IB^ a conformal reflective electrode! 130 



is formed on a sidewall and a bottom of the opening 120 and 



part 



ext, 
110. 
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of the insulating layer 110, wherein the reflective ele 
130 has at least one opaque portion 132 and at leas 
transparent portion 134. The transparent portion 134 
reflective electrode 130 is located in the opening 120 
opaque portion 132 of the reflective electrode 130 can 
aluminum layer formed by aputtcring , and the transparent p 
134 of the reflective electrode 130 can be an ITO (indi 



oxide) layer or an lao (indium zinc ojiido) formed by sputtering . 



Ao a domonatrativG cJcamplQ, — a layer of ITQ is formed in the 



tranoparcnt portion 13d before or after forming a layer of 



aluminum in the opaque portion 132, — The ITO layer (acrving aa 



a tranzsparant oloGtrodo) ia connootcd to the Al layer (pgrving 



«ptrode 
t one 
)f the 
The 
be an 
trtion 
tin 



um 



aa an opaque eleotrodc) and functionD to appl], a piKcl vo|lta g c 

at the tranoparont portion 134, 

In Figs. lA and IB, a conformal first alignment film 14 0 

is formed on the reflective electrode 130- It should be loted 

that it is not necessary to perform a rubbing treatment on the 

first alignment film 140. 

In Figs. lA and IB, a common electrode 170, such as ai ITO 

layer, is formed on an inner surface of the second substrate 18 0. 

The second substrate IBO can be a glass panel having a (iolor 

filter- The accond aubptratc ISO ia a light tranGmiLLla y 
oubatrato- Then, a second alignment film 160 is formed o.i the 
common electrode 170. It should be noted that it is not necefisary 
to perform a rubbing treatment on the second alignment film 160. 

.In Figs, lA and IB, negative type liquid crystal moleciules 
152 added with a chiral agent fills in a space between the first 
substrate 100 and the second substrate 180 to form a liquid 
crystal layer 150, and a transf lective LCD is thus obtained. 



8 
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In Fig. lA, when no pixel voltage (V) is. present (or 
applied) or the pixel iroltago ip - aowor than a thrcohold -yglu e^ 
the negative type liquid crystal molecules 152 are vertically 
aligned between . the substrates 100 and 180 constituting the 
liquid crystal layer 150^ thereby being a Normally Black state 
and enhancing the contrast in the reflective mode. In addition, 
the chiral agent makes the negative type liquid crystal 
molecules 152 have a twisting light property during an electric 
field is present/ as shown as Fig. IB. Moreover, the chiral 
causes the negative type liquid crystal molecules 152 
stably disposed on the uneven surface of the reflective 
electrode 130. 

In Fig. IB ghowo the otato of the ncgativQ nypa liquid 



crystal molcculoa i , ncidQ the LCB - w hen a pi^eei voltage (V) afee^fe 
a thrcohold value is applied between the reflective electrode 
130 and the common electrode 170-,-, S-since the periphery cif the 
reflective electrode 130 has a section {or drop), an asymmetric 
electric field 190 occurs at a fringe portion of the reflective 
electrode 130. The asymmetric electric field 190 allows the 
negative type liquid crystal molecules 152 added with the c iiral 
agent to tilt and have different molecular alignment. Alsc, the 
negative type liquid crystal molecules 152 added with the cJiiral 
agent located around the opening 120 tilt toward the middle 
portion of the opening 120 due to a physical force (gravity 
effect) - Hence, within the same pixel of the transf lectivs LCD 
according to the invention, the molecules 152 have different 
molecular alignment (that is, many domains) so that the vic^wing 
angle of the transf lective LCD is increased. 

As shown in Fig. 3, a top view of liquid crystal aligijment 
of FIG. IB, in a single pixel structure 330 defined by a gate 



agent 
to be 
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line 310 and a data line 320 arour.d the periphery of a rc 
• area — 3-4^8 — including — a — tranamioj - ivc — area — 3^, whorci 



f lt > G fe 



roflcctivo area 340 oorrcopondG to the opaque portion 13-2 in Tig. 



IB and the tranomiooivo area 350 oorroopondn to the tranaparcnt 

portion 133 in Fig, ID. Orientation of the liquid crystal 

molecules 152 inside each pixel changes to display an im^ 
employing an active device {such as a thin film transisto 
shown) . In Fig. 3, the liquid crystal molecules 152 addet^ 

m 

chiral agent according to the invention has a twisting 
property and a continuous domain having different mole 
alignment, thereby increasing the viewing angle o 
transf lective I^CD. 34 0 corresponds to the non-transp 
reflective area 132, and 350 corresponds to the transpa 
transmissible area 134, 



Second Embodiment 

Fig. 2A is a sectional view according to a second 
of the present invention while no external electric fie 
present. Pig. 2B is a sectional view according to a s 
embodiment of the present invention while an electric fie 
present- Fig. 3 is a top view showing the alignment of the 1 
crystal molecules in one of the pixels of the transf lecti 
device accor,ding to Fig. 2B in one pixel while an electric 
is applied thereto. In order to aimplify the illuotration, 



ive 



one piKol cell io Dhown in Figo^ 3Ar - 2B and 3. 



ge by 
, not 
with 
light 
cular 
■ the 
arent 
rent 



embodiment 
Ld is 
acond 
Id is 
Lquid 
LCD 
ield 



only 



In Figs. 2A and 2B, a first substrate 100 is provided. The 
first substrate 100 can be a thin film transistor array incJ.uded 
glass panel. The first substrate 100 is a light transmitfting 
substrate so that light from a backlight (not shown) can 
penetrate the first substrate 100. Then, a transparent 



10 
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insulating layer 110 having an uneven surface is formed 
first substrate 100. The uneven tranaparcnt inaulatift^ 



on the 



can be a ailicon oxide (SiOK) layor^ a ailicon nitride - 



layer ^ or a - pfa - otoocnpitivc reoin layer formed by dopoplt beft 



cle 



and 



spxn - coating and partial etching - Next, at least one oi|> 
120 is formed. in the insulating layer 110. 

In Figs. 2A and 2B, a conformal reflective electro 
is formed on a sidewall and a bottom of the opening 120 
of the insulating layer 110, wherein the reflective el 
13 0 has at least one opaque portion 132 and at leas 
transparent portion 134. The transparent portion 134 c 
reflective electrode 130 is located in the opening 120. 
opaque portion 132 of the reflective electrode 130 can 
aluminum layer formed by sputtering , and the transparent 
134 of the reflective electrode 130 can be an ITO (indidm 
oxide) or IZO (indium zino oxide) layer formed - i&y 



■ aputtcri - ag 



As a demonotr - ative cacamploy a layer of ITQ — (serving as 




13 4 before or after forming a layer of Al in the opaque poct - Ha>ft 



■3:^3^: — The ITO layer io-conncctod to the Al layor and f una =^refts 



to apply a pixel voltage at the tranpparcnt portion 13^ r 



- layer 



enmg 



130 
part 



ectrode 
t one 
f the 
The 
be an 
ion 
tin 



port 



1 : portion 



In Figs- 2A and 2B, at least one symmetric protruding 
element 210 is formed on the insulating layer 110 located a::ound 
the periphery of the reflective electrode 130. The symm<itric 
protiruding element 210 preferably has a triancfular 
cross-section. When voltage is applied to the liquid crj^stal 
display, due to the symmetric protruding element 210, li.quid 



crystal modules around thereof can be arranged along a 
orientation, as shown in FIG- 2B. 



11 



tile 



Rece i ved Time Nov. 3. 4:44AM 



• NOV-03-2005 THU 16:43 



FAX NO. 



P. 16 



10 



15 



20 



25 



30 



Lm 140 



Client's ref,: AU D90055/:|sf 
File : 0 632-a 17 OUSF/Jacky/Steve/ Wayne 

In Figo. 2A and 2D, aA conformal first alignment fi 
is formed on the reflective electrode 130 and the symiLetric 
protruding element 210. It should be noted that it is not 
necessary to perform a rubbing treatment on the first ali^iunent 
film 140. 



on 



eces 



In Figs. 2A and 2B, a common electrode 170, such as 
layer, is formed on an inner surface of the second substrat 
The second substrate 180 can be .a glass panel having a 
filter. The second, substrate 180 is a light transmi 
substrate. Then, a second alignment film 160 is formed 
common electrode 170. it should be noted that it is not n 
to perform a rubbing treatment on the second alignment filiji 

In Figs- 2A and 2B, negative type liquid crystal mole 
152 added with a chiral agent fills in a space between the 
substrate 100 and the second substrate 18 0 to form a 1 
crystal layer 150, and a transf lective LCD is thus obta 

In Fig. 2A, when no pixel voltage (V) is present 
applied) or tho - pixcl voltage io lowor than q throchold v 



an ITO 
^ 180. 
color 
tting 
the 
sary 
160. 
cules 
first 
iquid 
Ined. 
(or 



lecul 



the negative type liquid crystal molecules 152 are verti 
aligned between the substrates 100 and 180 constituting 
liquid crystal layer 150, thereby a Normal Black state o 
enhancing the contrast in the reflective mode. In addition 
chiral agent causes the negative type liquid crystal mo 
152 to have a twisting light property when an electric fie 
present, as shown as Fig. 2B. Moreover, the chiral agent 
the negative type liquid crystal molecules 152 to be s 

■ 

disposed on the uneven surface of the reflective electrode 

« 

Fig I 2B nhowo the gtato of t - he nQgativo typo liquid o 



molQculoo iiioidc — fefee — isGB — whon a— pixel — voltage — (V) gbo 



thrcDhold value in applied between the roflootivc olQotrod<:i 13 - & 



12 



::ally 
the 
:curs 
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es 
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stal 
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y o a 



Received Time Nov. 3. 4:44AM 



NOV-03-2005 THU 16:43 



FAX NO. 



P 



10 



15 



25 



30 



Client's ref.: AU D90055/:)s[S^=.^ 
Fi 1 e : 0 632 - 8 1 7 OUS F/ Jacky / S t eve /Wayne 

and the coininon electrode — 1-9-0-: Since the periphery i 

reflective electrode 130 has a section (or drop) and a prot 
210, an asymmetric electric field 190 occurs at a fringe 
of the reflective electrode 130. The asymmetric electric 
190 allows the negative type liquid crystal molecules 152 
with the chiral agent to tilt and have different mol^ 
alignment. Moreover, the liquid crystal molecules 152 ne 
protrusion 210 are tilted in a specific direction due 
local effect of the protrusion 210. Also, the negative 
liquid crystal molecules 152 added with the chiral agent 1 
around the opening 120 tilt toward the middle portion - e 



port 



f the 
usion 
ion 
field 
added 
cular 
^r the 
the 
type 
Qcated 
f - the 



to 



opening 120 along a direction due to a physical force of gr 
Hence, within the same pixel of the transf lective LCD acc 
to the invention, the molecules 152 have different mole 
alignment (that is, many domains) so that the viewing ang 
the transf lective LCD is increased. 

As shovm in Fig. 3, a liquid crystal top view of FIG 
Q ginglo pi3ccl otructuro 330 hac a in a pixel 330 defined 
gate line 310 and a data line 320 around the poriphcir-y 



avi 



Lty. 
ording 
cular 
le of 



20 rcflcGtivo area 3<I0 including a •trancmiooivQ area 35 - Qy whcj -e 



the reflective area 340 corresponds to the opaque porti 
in Fig. 2B and the transmissive area 350 corresponds t 
transparent portion 134 in Fig. 2B^^ Oriontation of the 1 



o:i 



cryotal molooulGQ 152 innidc eaoh pixel ohangea to diaplgy-a^ 



imago by employing — »i — a etive — do vice — (ouch — — a — thin 



■■ fe - r - angiotor; not ahown) . — In Fig, 3, the liquid crystal moleiules 
152 added with chiral agent according to the invention has a 
twisting light property and a continuous domain having dl 
molecular alignment, thereby increasing the viewing angle o 
transf lective LCD. 



different 
the 



13 



. IB, 

by a 
■ of a 

132 



a 



the 
.quid 



film 
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Thus, the present invention provides a method of f(?rming 
a transf lective liquid crystal display device wd.th a 
wide-viewing angle. The present method utilizes an asymiietric 
electric field occurring at the fringe portion of the reflective 
electrode and the opening located at the transparent portion of 



the reflective electrode, causing the negative type 



iquid 



crystal molecules added with a chiral agent to tilt anc. have 
different molecular alignment. Moreover, the protrusion i'ormed 
around the reflective electrode enhances molecule tilt. Thus, 
a continuous domain is formed in each pixel, thereby widening 
the viewing angle of a transf lective LCD. 

Finally, while the invention has been described by vlay of 
example and in terms of the above, it is to be understood that 
the invention is not limited to the disclosed embodimentii . On 
the contrary, it is intended to cover various modif icatior s and 
similar arrangements as would be apparent to those skilled in 
the art- Therefore, the scope of the appended claims should be 
accorded the broadest interpretation so as to encompass al4 such 
modifications and similar arrangements. 
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lahat Zs Claimed Is: 



1. A method of forming a transflective liquid c: 
display device with a wide-viewing angle, comprising the 
of : 



providing a first substrate and a second substrate 

the first substrate; 
forming an insulating layer having an uneven surface 

first substrate; 



ystal 
steps 



op|>osite 



:>n the 



forming at least one opening in the insulating laver; 

forming a conforroal reflective electrode on a sidewai.l and 
a bottom of the opening and part of the insulating 
layer, wherein the reflective electrode has at least 

■ 

one opaque portion and at: least one transparent 
portion^ and the transparent portion of the 
reflective electrode is located in the openir.g/ 
forming a conf ormal first alignment film on the ref leptive 
electrode; 

forming a common electrode on an inner surface of the sfecond 
substrate; 

forming a second alignment film on the common electrode; 
and 



e;i 



filling a opaoe f orming a liquid crystal layer betwe 
first substrate arid the second substrate, wherei 
liquid crystal layer wi^fe-comprises negative 
liquid crystal molecules added with and a chiral c 
, to form a liquid cryctal layer . 



1 2- The method according to claim 1, further compri 

2 the step of: 
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forming at least one symmetric protruding element 
insulating layer located around the refl 
electrode. 



i^n the 
ctive 



3 . The method according to claim 2, wherein the s 
protruding element has a triangular cross-section. 



ymiietric 



4. The method according to claim 1, wherein, when 
voltage is applied between the reflective electrode an 
coinmon^ electrode, an asymmetric electric field occurs 
fringe portion of the reflective electrode. 



5- The method according to claim 1, wherein the 
portion of the reflective electrode is an aluminum layer 



opaque 



6. The method according to claim 1, wherein 
transparent portion of the reflective electrode is aih 
(indium tin oxide) layer - 



7. The method according to claim 1, wherein a 
treatment is not performed on the first alignment film. 



8- The method according to claim 1, wherein a 
treatment is not performed on the second alignment film 



9. A method of widening a viewing angle 
transflective liquid crystal display device, comprisinc 
steps of: 



providing a first substrate and a second substrate opposite 

the first substrate; 
forming a transparent insulating layer having an ur[even 

surface on the first substrate; 
forming at least one opening in the insulating layelr 



a 

d the 
at a 



the 
ITO 



ru:>bing 



rul^bing 



of 



a 

the 
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forming a conf ormal reflective electrode on a sidewa LI and 
a bottom of the opening and part of the insuJating 
layer, wherein the reflective electrode has at least 
one opaque portion and at least one transpiarent 
portion, and the transparent portion ofl the 
reflective electrode is located in the opening 



en 



the 
ctive 



forming at least one symmetric protruding element 

insulating layer located around the refle 
electrode; 

forming a conformal first alignment film on the reflective 

electrode and the symmetric protruding elemert; 
forming a common electrode on an inner surface of the slecond 



substrate; 

forming a second alignment film on the common elect 



rode ; 



filling a opae eforming a liquid crystal layer betwe 
first substrate and the second substrate, wherei 
liquid crystal layer comprises with negative 
liquid crystal molecules added wit h and a chiral 
to form Q liquid cryotal layer . 



en 



1 10. The method according to claim 9, wherein the s 

2 protruding element has a triangular cross-section. 



11. The method according to claim 9, wherein, when a 
voltage is applied between the reflective electrode and the 
common- electrode^ an asymmetric electric field occurs lat a 
fringe portion of the reflective electrode. 



1 12. The method according to claim 9, wherein the op 

2 portion of the reflective electrode is an aluminum layer 



the 
the 
type 
gent 



ymmeitric 



a que 
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1 13. The method according to claim 9, wherei 

2 transparent portion of the reflective electrode is 

3 (indium tin oxide) layer . 



the 



an ITO 



1 14. The method, according to claim 9r wherein a r4bbing 

2 treatment is not performed on the first alignment film. 

3 15. The method according to claim 9, wherein a robbing 

4 treatment is not performed on the second alignment 
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